This article reports a meta-analysis of energy expenditure (EE) of playing active video games (AVGs). In particular, heart rate (HR), oxygen consumption (VO2), and EE were assessed and three moderators for the effects of AVGs-types of AVG, player age, and player weight status-were analyzed. The results show that playing AVGs significantly increased HR, VO2, and EE from resting. The effect sizes of playing AVGs on HR, VO2, and EE were similar to traditional physical activities. AVG type and player age were significant moderators for the effects of AVGs. The finding suggests that AVGs are effective technologies that may facilitate light-to moderate-intensity physical activity promotion.
Introduction
A lthough video games have been traditionally associated with sedentary lifestyles, 1 an emerging type of active video gaming, dubbed as ''exergames,'' has been embraced by the public as a fun and engaging form of exercise. In 2003, Konami of Japan reported > 6.5 million sales of its rhythmic dancing game Dance Dance Revolution Ò (DDR). 2 The Wii Fit and Wii Fit Plus combined have sold > 11 million copies worldwide as of 2009. 3 Hoping to capitalize on the success of Nintendo's active video game (AVG) market, both Sony and Microsoft debuted new motion capture hardware and exergames in late 2010. We adopt the term ''active video games'' to describe these commercial off-the-shelf video games that incorporate physical activity into game play by requiring players' body movements to interact with the game system.
In the past decade, researchers have utilized different types of AVGs to examine the energy expended during game play to determine whether AVGs qualify as a new form of physical activity. Overwhelmingly, studies have found that energy expenditure (EE) a of playing AVGs using the dance pad, [4] [5] [6] the Playstation 2 EyeToy, 6-8 the Wii console system, and the Wii balance board 9 is equivalent to light-to moderate-intensity physical activity. Additionally, many of these studies found EE differences between different groups. For example, several studies found significant gender differences; most commonly, males were found to have higher EE than females. 4, [10] [11] [12] Other studies found differences between adults and children 6 or overweight and lean participants. [13] [14] [15] The main goal of the present study was to take a metaanalysis approach to synthesize current literature of AVGs. Specifically, the objectives were (a) to provide a summary effect of EE and related physiological measurements of AVG studies, (b) to compare the effects of playing AVGs and traditional physical activities, and (c) to examine whether AVG type and sample characteristics influence the effects of AVGs. Three outcome variables were included in this study: heart rate (HR), oxygen consumption (VO2), and EE. b
Methods

Search strategy
To ensure a comprehensive inclusion of relevant studies in this meta-analysis, four search strategies were adopted. First, the authors conducted systematic literature searches using seven databases (Communication and Mass Media Complete, Cochrane Library, Medline, PsychInfo, PubMed, SPORTDiscus, and Web of Science) in English to retrieve peer-reviewed articles that focus on investigating the effects of AVG play on players' physiological responses. Two authors searched articles from January 1995 to October 2010 using the following keywords in combination: ''physical activit*,'' ''exercise,'' ''weight loss,'' ''obesity,'' ''motor activit*,'' ''leisure activit*,'' ''physical fitness,'' ''physical education,'' ''physical training,'' ''sports, games,'' ''video game,'' ''computer game,'' ''active video game,'' and ''exergame.'' Two authors examined the abstracts of all articles (n = 8944 c ) from this search to determine the extent of relevancy and 47 studies were identified for further selection. Two authors then read the full papers and selected studies that meet the following criteria.
Selected studies for this meta-analysis must (a) employ at least one AVG condition (interactive multimedia such as Web sites, e-mails, and sedentary video games that do not require physical activities were excluded), (b) have normal population instead of rehabilitation patients, (c) report both resting d and AVG playing data in terms of HR, VO2, or EE, (d) report data that can be converted to a standard unit of measurement, and (e) report both means and standard deviations, allowing the authors to calculate the effect sizes. One study was excluded because of insufficient information to calculate the effect sizes. 16 Another study 17 was excluded following authors' suggestion that EE was not measured from indirect calorimetry.
e Therefore, 16 studies were obtained from this systematic database search.
Second, we examined the reference lists of these 16 reports using the above inclusion criteria. The search generated two additional research reports. 18, 19 However, one report 18 was further excluded as it reported the same results as in another study. 17 Third, a forward citation search was conducted in the Social Science Citation Index on all the 16 studies identified from the systematic database search. One additional study was found.
14 Finally, we examined relevant literature review papers [20] [21] [22] for potential studies. No additional articles were identified. From the above four approaches, a total of 18 studies (n = 354) were included in this meta-analysis. Table 1 lists the outcome variables measured in each study.
Effect size extraction and calculation
As all the studies employed within-subjects design, in which the participants were assessed at rest, while playing a number of AVGs, or while engaging in other traditional physical activities, we treated resting as the pretest condition and AVG playing and other physical activities as the posttest conditions. Given the nature of the within-subjects design and the small sample size in each study, effect size was calculated using Hedge's g. [23] [24] [25] To calculate the effect size in a pretest-posttest design, means and standard deviations from both pretest and posttest conditions, sample size, and pretest-posttest correlations for the outcome variables (HR, VO2, and EE) were needed. 23, 25 All the calculations were performed on the random-effects model assumption using the computer software Comprehensive Meta-Analysis 2.2, which was adopted in recent meta-analyses. 26, 27 None of the studies reported the pretest (resting) and posttest (AVG playing or other physical activity) correlation for the outcomes variables. Authors of nine studies provided the pretest-posttest correlations 5, 10, 11, 14, 17, [28] [29] [30] [31] based on e-mail request. A meta-analysis was conducted with these acquired correlations to obtain a summary value of the pretest-posttest correlation for each outcome variable 25, 27 to replace the missing correlations in the remaining nine studies. Nine studies employed multiple AVGs and physical activities or reported data in multiple time points. For example, Willems and Bond 31 reported brisk walking three times and three types of AVGs (Wii tennis, Wii baseball, and Wii boxing). For the meta-analysis of the effect size of AVGs, each study was treated as the unit of analysis so that a study that employed more AVGs as treatment conditions will not be assigned more weight than a study that has fewer such conditions. 23 Therefore, a combined effect across the different AVG conditions was calculated in each study. The same strategy was adopted to calculate a combined effect across the different traditional physical activities in each applicable study.
Meta-analysis approach
Once the effect size and variance of AVG playing and physical activity for each outcome variable in each study were calculated, we computed a random-effects model metaanalysis of the effects of playing AVGs on HR, VO2, and EE and the effects of traditional physical activity on HR, VO2, and EE. The Q and I 2 statistics were used to examine whether significant heterogeneity existed. Resting HR and EE were not reported. Thus, effect sizes of AVG on HR and EE were not calculated. The outlier is defined in endnote ''h.'' n, sample size; AVG, active video game; PA, physical activity; EE, energy expenditure.
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Subgroup analysis 23 was used to compare the differences between playing AVGs and traditional physical activity. Only the studies that included both AVGs and traditional physical activities as the treatment conditions were included in the subgroup analysis. Within each of the included studies, a combined effect across the different types of AVGs and a combined effect across different types of physical activities were calculated. 23 Moderator analysis approach
The moderators tested in this meta-analysis were AVG type, age, and weight status of participants. These three variables have been shown to influence EE. 4, 6, 15 In addition, most of the included studies explored EE differences based on these variables. Gender was not included as a moderator because only three studies reported raw data for male and female separately.
AVG type was coded based on the main body movements required to play the games: upper body movements (e.g., Wii sports), lower body movements (e.g., DDR), or whole body movements (e.g., PS2 Eyetoy Final Furlong). We coded these games based on the authors' descriptions of participants' game play and videos showing individuals playing the game. Within a study, a combined effect was calculated for multiple AVGs categorized into the same AVG type. Each AVG type was treated as a unit of analysis.
Age was coded as children (6-17 years old) or adult (18 years old or above). Only studies that had an exclusively child sample or an exclusively adult sample and studies that had mixed age groups yet reported the data of each subgroup were included in the analysis, using age as a moderator. Within a study, a combined effect across multiple AVG conditions was calculated for each age group. Each age group was treated as a unit of analysis.
Weight status was coded as ''normal weight'' (body mass index between the 5th and 84th percentile) or ''overweight or obese'' (body mass index between the 85th and 99th percentile). Only the studies that had an exclusively normal weight or an exclusively overweight or obese sample and studies that had mixed weight status groups yet reported the data of each subgroup were included in the analysis, using weight status as a moderator. Within a study, a combined effect across multiple AVG conditions was calculated for each weight group. Each weight status group was treated as a unit of analysis.
Results
Sample
A total of 354 participants were included in these 18 studies. The sample size in each study ranged from 10 to 40, with a mean of 20 subjects. The sample characteristics are listed in Table 2 .
Efficacy of AVGs
The meta-analysis results indicated that AVG play resulted in higher heart beat per minute than resting (k = 13 
Moderator analyses
The moderator analyses results are presented in Table 6 . Specifically, AVG type was not a significant moderator for the outcome variables HR and VO2. However, AVG type was a significant moderator for EE (Q = 7.19, p < 0.05). Lower body and whole body movement systems produced more EE than upper body systems. The moderator analysis also suggested that the effects of playing AVGs did not differ significantly between children and adults in terms of HR and VO2. However, children yielded larger effects than adults in terms of EE (Q = 4.31, p < 0.05). Weight status was not a significant moderator for HR, VO2 or EE.
Discussion
The meta-analysis demonstrated that playing AVGs significantly increased HR, VO2, and EE. However, AVGs were not found to have significantly different effect sizes in increasing HR, VO2, and EE than traditional moderate-intensity physical activities. This finding suggests that playing AVGs is not only fun because it also produces similar magnitude of effect as lightto moderate-intensity physical activity. Nevertheless, this result needs to be interpreted in a cautionary fashion as the subgroup analyses involved only three to five individual studies that included both AVG and traditional PA. On the basis of this result, we cannot state that playing AVG alone meets the recommended daily moderate to vigorous physical activity recommended to Americans. 33 On the other hand, the metaanalysis demonstrated that these AVGs seem to have good potential to improve aerobic fitness 34 as they yielded similar effects in increasing HR as traditional physical activities.
The Q and I 2 statistics indicated that effect sizes among the included studies were not homogenous. Therefore, moderator analyses were conducted. The moderator analysis demonstrated that AVGs that mainly involved upper body movements had significantly smaller effects than AVGs that mainly involved lower or whole body movements. The findings suggest that AVGs that only involved upper body movements were not the best candidates to be used for physical activity promotion, especially the promotion of moderate to vigorous physical activities. AVG designers who intend to use AVGs for physical activities should intentionally build more lower body movements in the AVGs. Another advantage of emphasizing the lower body movements in the AVGs is that players may use energy-saving strategies in AVG games focusing on upper body movements. For instance, instead of actually swinging their arms to play tennis in Wii Sports, players might just shake their wrists. However, it is much more difficult to adopt the energy-saving strategies in AVGs involving lower body movements.
The moderator analysis demonstrated that AVGs had greater impact for children than adults in terms of EE. It seems that it is promising to use AVGs to promote physical activity among children. However, cautionary interpretation is needed for the moderation analysis as the number of studies involving adults (k = 3) is really small. More AVGbased physical activity studies are needed to establish the evidence base for the adult population. In addition, because of the small number of studies, we were not able to categorize the participants in a more fine-grained manner and the age range of participants that lumped in the children category was from 6 to 17 years. More research studies with participants in a narrower age range group are needed to consider the important developmental differences. Besides the moderation analysis, future studies could also examine the potential mediating factors between different types of AVGs and the EE outcomes. Specifically, psychological factors such as enjoyment or intrinsic motivations might explain the difference in effect sizes of physiological outcomes.
Several methodological limitations of the current research in AVGs need to be highlighted. First, the total participants included in the meta-analysis were only 354. However, as all the studies in the meta-analysis had small sample size, no single study was given more weight because of the sample size. Second, the Q and I 2 statistics of heterogeneity were very large. Moderator analyses were conducted and revealed significant differences of different types of AVGs and AVGs for different populations. Therefore, the summary effect size of each type of AVG is a better indicator than the summary effect size of all AVGs. Third, all the included studies employed within-subjects design. However, not all the studies randomized the order of the multiple treatment conditions. Even though the participants rested for a while before moving to the next treatment condition, order effects cannot be completely eliminated. Finally, as the studies included in the meta-analysis were all published in peer-reviewed journals, the results may be influenced by publication bias or the bias in social scientific research to publish those studies with statistically significant findings.
Endnotes
a Energy expenditure is a typical form to quantify physical activity, defined as any bodily movement produced by the contraction of skeletal muscles, resulting in energy expenditure. 38 For review of the energy expenditure concept, see refs. 39, 40 b These three outcome variables are the most commonly used in the kinesiology field to assess physical activity. 39, 40 These are also the most reported outcomes in the studies in this meta-analysis.
c These are the raw data of the total number of hits from these databases. There are many overlapping articles from these databases.
d One study 31 did not report resting data in the article, but the data were provided by the authors.
e Indirect calorimetry is the best choice when assessing physical activity in a laboratory setting in a short period of time.
42
f Q test examines whether the studies share heterogeneous effect sizes, and I 2 further indicates the proportion of true heterogeneity to total variance of observed effects. If significant heterogeneity exists, moderator analysis or metaregression is recommended to explain the heterogeneity. 23 g One study 11 was excluded in the analysis following Lipsey and Wilson 32 because the effect reported in the study (g = 11.6) exceeded the mean effect size for remaining studies in the sample by > 7 standard deviations.
h Graf et al. 11 was excluded as an outlier. i Graf et al. 11 was excluded as an outlier. j Graf et al. 11 was excluded as an outlier.
